Blueberry (Vaccinium spp.) was introduced commercially in 1979 into Chile. Currently, it is a high-value export crop cultivated on nearly 8,500 ha across a range of diverse soil conditions and climate zones. Commercial plantings extend near 1,300 km along a north-south axis from IV Region (governmental administrative zone) in the north to X Region in the south. Blueberry is mainly grown for the export market in the United States and Europe. Approximately 17,000 t was exported in 2006-07, representing a $110 million income. Therefore, it is an important alternative for the agriculture economy of Chile at present (2, 23, 28) .
Several fungal diseases have been reported on blueberry (5) . Among these, canker and twig dieback occur frequently in commercial plantings, at 15 and 45% incidence, respectively, in plantings of bushes between 2 and 15 years old in Chile. In 2003, Cuevas and Acuña identified Pestalotiopsis (=Pestalotia) guepinii associated with foliar and shoot necrosis at nurseries (7) .
Pestalotiopsis is a complex genus including more than 225 species (4) , with an incomplete validation of some species which makes the morphological identification relatively difficult. In addition, some species were identified only on the basis of their hosts (11, 13) .
Species of Pestalotiopsis identified as foliar or fruit rot pathogens have been reported from Argentina, Spain, and the United States (3, 6, 8) . In addition, several Pestalotiopsis spp. have been described as pathogens of several plants, including forest, fruit, and ornamental crops (10, (15) (16) (17) (18) 26, 29, 35, 38) . To control them, integrated control strategies, including the use of resistant cultivars, sanitation, and chemical control, have been proposed (31, 37) .
The objective of this study was to identify the Pestalotiopsis spp. causing canker and twig dieback throughout the various blueberry-producing regions of Chile, in order to gain a clearer understanding of the etiology of the disease in this country.
MATERIALS AND METHODS
Isolations. Samplings were made at six commercial plantings of northern highbush blueberry (Vaccinium corymbosum) and at six plantings of southern highbush blueberry (V. corymbosum × V. darrowi). Of 49 isolates that were characterized in this study, 81.6% were obtained from northern highbush blueberry and 18.4% were obtained from southern highbush blueberry. The northernmost sampling site was near Nogales (32°60′ South latitude) in a semiarid agricultural region (mean annual rainfall: 341 to 436 mm) whereas the southernmost sampling site was near Purranque (40°53′ South latitude) in a high-rainfall agricultural region (mean annual rainfall: 1,381 to 1,542 mm). All were at relatively low altitudes in very diverse soil conditions (27; Table 1 ).
Samples were obtained from 1 to 10 symptomatic plants at each site and transported to the laboratory in an ice chest, and at least five diseased tissue pieces (approximately 5 cm 2 ) per 1-to 2-year-old twigs or crown tissue were surface disinfested in 0.5% sodium hypochlorite (NaOCl) for 2 min, rinsed in sterile distilled water, and plated on potato dextrose agar acidified with of 96% lactic acid at 0.5 µl/ml (APDA). Plates were incubated in the dark at 20°C for 3 days. Blueberry (Vaccinium spp.) has great economic importance in Chile, which currently has about 8,500 ha being cultivated. Recently, the presence of canker and dieback symptoms has been observed along the productive blueberry zone of Chile. Species of Pestalotiopsis and Truncatella were consistently isolated from diseased samples in 22 different locations. Therefore, the objective of this study was to identify and characterize the species of Pestalotiopsis and Truncatella associated with canker and twig dieback symptoms on blueberry. Forty-nine isolates were obtained on acidified potato dextrose agar in 2006 and 2007. These isolates were identified as Pestalotiopsis clavispora, P. neglecta, and Truncatella (=Pestalotia) angustata on the basis of colony characteristics and conidial morphology. This identification was verified by internal transcribed spacer analysis of DNA. Isolates of P. clavispora, P. neglecta, and T. angustata were pathogenic on apple, kiwifruit, and blueberry fruit. Similarly, isolates of P. clavispora were pathogenic on detached blueberry twigs of cv. O'Neal. Additionally, three selected isolates of P. clavispora induced light-brown canker lesions, surrounded by a reddish halo, and shoot dieback after twig inoculations on 2-year-old twigs of blueberry cvs. O'Neal, Bluecrop, Brightwell, Brigitta, Duke, Elliot, and Misty. Among blueberry cultivars, Brightwell and O'Neal were the most susceptible and Bluecrop and Misty the least susceptible, while Elliot, Brigitta, and Duke were moderately susceptible to P. clavispora. These pathogens were isolated consistently from inoculated plants, confirming Koch's postulates. P. clavispora was highly sensitive to fludioxonil and pyraclostrobin with a median effective concentration of 0.06 to 0.08 and 0.04 to 0.8 µg/ml, respectively. Therefore, the results of this study indicate that P. clavispora, P. neglecta, and T. angustata are primary pathogens that can cause canker lesions and dieback symptoms on blueberry not previously described in Chile. However, these results do not exclude that other species of these genera or other plant-pathogenic fungi (e.g., Botryosphaeria, Pestalotia, and Phomopsis spp.) may eventually be involved in this syndrome of blueberry.
Additional keywords: highbush blueberry at 25°C in the dark and colony morphology was examined after 7 days. Conidia morphology (shape, color, and cell number), size (length and width), and the presence and size of apical and basal appendages was determined for 20 to 40 arbitrarily selected conidia from a conidial suspension of each isolate that was prepared in sterile distilled water (SDW). The isolates were identified according to the descriptions of Guba (9), Sutton (32) , and Nag Raj (24) .
Molecular characterization. Pestalotiopsis isolates (Pc03-06, Pc9.1-06, Pc01-07, Pc07-07, Pc17-07, and Pn14-07) and isolate Ta10-07, tentatively identified as a Truncatella sp., were identified using molecular techniques. Total genomic DNA was extracted following the protocol found in Keith et al. (17) .
Universal internal transcribed spacer (ITS)1/ITS4 primers were used in the polymerase chain reaction (PCR). The amplification and sequencing of the ITS/5.8S rRNA/ITS2 region was made with the ITS1 primer (5′TCCGTAGGTGAACCT GCGG3′) and ITS4 primer (5′TCCTCC GCTTATTATTGATATGC3′) (36) . PCR amplification was performed in a 50-µl reaction mixture containing 4 µl of template DNA, 3 µM each primer, 1× PCR buffer (supplied with Taq polymerase), 25 mM MgCl 2 , 2 mM dNTPs, and 0.5 U of Taq polymerase. After an initial hot start (95°C for 5 min), 35 PCR cycles were performed on an MJ Scientific PTC-100 thermocycler using the following conditions: a denaturation step of 95°C for 30 s and annealing at 55°C for 60 s and extension at 72°C for 60 s, followed by a final extension of 72°C for 6 min.
The products of the amplification were separated through electrophoresis in 1% agarose gels (Invitrogen Co., San Diego, CA) with electrophoresis at 80 V/cm and visualized under UV after staining the gel with ethidium bromide. A 1-kb ladder (Invitrogen) was used as a size marker. PCR products were cloned with the TA cloning kit (Invitrogen) according to the manufacturer's recommendations. Plasmid DNA for sequencing was prepared with the Qiagen plasmid miniprep kit according to the recommendations of the manufacturer (Qiagen, Inc., Chatsworth, CA). DNA sequencing was performed at MWG Biotech Inc. (High Point, NC). Sequence data were aligned and were compared with the sequences reported in the GenBank database using the National Center for Biotechnology Information BLAST Network Server (1). The sequences had the 3′ end of the 18S rRNA gene, ITS1, 5.8 rRNA gene, ITS2, and the 5′ end of the 28S rRNA gene. A multiple sequence alignment was constructed using CLUSTALX (34) . A phylogenetic analysis, using the ITS/5.8S rDNA/ITS2 sequences, was constructed by the Neighbor-Joining method (17, 30) .
Effect of temperature on mycelial growth. The effect of temperature on the mycelial growth of Pestalotiopsis spp. (Pc03-06, Pc9.1-06, Pc01-07, Pc07-07, Pc17-07, and Pn14-07) and a Truncatella sp. (Ta10-07) was determined in petri dishes (90 mm in diameter) containing APDA. Four petri dishes were inoculated centrally with an agar disk (5 mm in diameter) obtained from 3-day-old cultures in APDA. Plates were incubated at 0, 5, 10, 15, 20, 25, 30, and 35°C (±1°C) for 6 days in the dark. The effect of temperature was determined through the radial growth of the mycelium. These experiments were conducted twice.
Pathogenicity tests. Pestalotiopsis isolates Pc03-06, Pc9.1-06, Pc01-07, Pc07-07, Pc17-07, and Pn14-07 and Truncatella isolate Ta10-07 were tested for pathogenicity on surface-disinfested fruit (0.5% NaOCl for 60 s and 0.05% ethanol for 60 s) of apple (cv. Granny Smilth) and kiwi (cv. Hayward). Wounded and nonwounded fruit were inoculated with a mycelium plug (5 mm in diameter) taken from pure cultures on APDA. An equal number of fruit were inoculated with sterile APDA and left as controls. The diameter of the lesion developed was measured after 6 days of incubation at 20°C in humid chambers at 100% relative humidity (RH), determined with a RH sensor (StowAway RH, Columbus, OH). Isolate Pc01-07 of Pestalotiopsis was also tested on mature fruit of blueberry (cv. Jewell) that were wounded with a hypodermic syringe and were incubated as indicated above for 10 days.
Pathogenicity tests were repeated on wounded fruit of apple (cv. Granny Smith), kiwifruit (cv. Hayward), and blueberry fruit using conidia as inoculum. The isolate Pc01-07 of P. clavispora was also tested on mature blueberry fruit cv. Jewell that were wounded as indicated above. Each fruit was inoculated with 15 µl of conidia suspension (10 6 conidia/ml) prepared in SDW from Pestalotiopsis isolates Pc01-07 and Pc17-07 and Truncatella isolate Ta10-07. These isolates were selected because of their high aggressiveness after mycelia inoculation. Fruit were incubated for 10 days as described above before determining the diameter of the lesion developed.
Pestalotiopsis isolates that were pathogenic on fruit were tested for pathogenicity on lignified (2-year-old) detached blueberry twigs of cv. O'Neal and on twigs from 2-year-old potted blueberry plants (cvs. Bluecrop, Brigitta, Brightwell, Duke, Elliot, Misty, and O'Neal). Surface-disinfested (0.5% NaOCl, 60 s) twigs of about 20 cm in length and similar in diameter were used. Each detached twig was inoculated with either a piece (5 mm in diameter) of mycelium taken from a 7-day-old culture on APDA or 15 µl of a 10 6 conidia/ml conidial suspension in SDW of isolates Pc9.1-06, Pc01-07, and Pc17-07. Potted plants were inoculated with mycelium of isolates Pc03-06, Pc9.1-06, and Pc17-07 and this experiment was repeated with conidia of isolate Pc01-07. The inoculum was deposited on a 5-mm-long tangential cut made aseptically in the bark. The inoculation site was covered for 3 days with Parafilm (Plastic Parking, Chicago). An equal number of injured but noninoculated twigs were left as controls. All detached twigs were incubated in 100% RH for 25 days at 20°C and potted plants were maintained under semi-shaded conditions with temperatures varying from 18 to 25°C for 15 days. The length of the necrotic lesion obtained was determined.
To fulfill Koch's postulates, pieces of tissue obtained from diseased fruit and twigs were plated on APDA to reisolate the causal agent that was identified on the basis colony and conidial morphology.
Sensitivity to fungicides. The sensitivity of P. clavispora (Pc03-06, Pc9.1-06, and Pc17-07) to boscalid (Cantus 50 WG; BASF, Santiago, Chile), chlorothalonil (Horta 50 F; Agrícola Nacional SACI,
Protection), iprodione (Rovral 4F; Bayer Crop Science, Santiago, Chile), and pyraclostrobin (Comet 250 SL; BASF) was studied in vitro. These fungicides were selected from among the recommended fungicides for controlling other diseases of blueberry in Chile. Each fungicide was tested on APDA amended with a discriminatory rate of each fungicide at 1 µg/ml that was added in water to sterile medium cooled to approximately 60°C. Mycelium plugs (5 mm in diameter) of each isolate was seeded in quadruplicated petri dishes (90 mm in diameter) and incubated for 5 days at 25°C in complete darkness before the radial growth of the mycelium was determined.
The median effective concentration (EC 50 ) of fludioxonil and pyraclostrobin, the most effective fungicides in the first experiment, was determined. Mycelium plugs from isolates Pc03-06, Pc9.1-06, and Pc17-07 were inoculated onto petri dishes containing APDA modified with the respective fungicide at 0.0, 0.025, 0.05, 0.5, 0.1, 1.0, or 1.5 µg/ml. All cultures were incubated at 25°C for 5 days in complete darkness before determining the radial growth of the mycelium. Results were expressed as efficacy (E) = ([A -B]/A) × 100, where A was the diameter of the colony on APDA without fungicide and B was the diameter of the colony on APDA with fungicide.
Design and statistical analysis. Pathogenicity tests performed on apple and kiwi were designed as a complete randomized design of 7 by 2 (isolates by inoculation method) with factorial arrangement of treatments and four replicates of one fruit each. The experiments conducted to study the effect of tempera- ture on the mycelium growth and pathogenicity tests in blueberry fruit and detached blueberry twigs were designed as a complete randomized design with four replicates. Pathogenicity tests conducted on potted blueberry plants were designed as a complete block design with a 7 by 3 (cultivar by isolates) factorial arrangement of treatment with four replicates each consisting of one potted plant. The results were studied for analysis of variance (ANOVA) and means were separated according to Tukey, using SAS PROC GLM and SAS PROC MEANS, respectively (SAS Institute, Cary, NC).
The EC 50 values of each fungicide was determined by linear regression analysis where y = Probit% E and x = log fungicide concentration of each fungicide; SAS Probit was used.
RESULTS
Field observations and isolations. Diseased plants were characterized by the presence of reddish to dark-brown necrotic lesions on twigs, at the basal portion of the main stems, and at the crown of the plants. Extensive necrotic lesions were observed below the bark, and dark-brown vascular damage was frequently observed. Apical necrosis and twig dieback occurred on affected twigs. Stem symptoms were frequently associated with pruning wounds, extending several centimeter below wounds (Fig. 1) . Abundant black acervuli were observed on dead tissue. Usually, plants were partially affected but, eventually, the complete plant collapsed.
Pestalotiopsis spp. (44 isolates) and Truncatella spp. (5 isolates) were consistently isolated from 4-to 15-year-old V. corymbosum (cvs. Brigitta, Bluecrop, Duke, Elliot, Legacy, and Liberty), and V. corymbosum × V. darrowi (cvs. Cooper, Marimba, and O'Neal) in 12 commercial plantings in Chile. A Truncatella sp. was obtained from samples of V. corymbosum (cvs. Brigitta, Bluecrop, and Liberty) obtained in two commercial plantings in the X Region of Chile (Table 1) .
Morphological characterization. Isolates of Pestalotiopsis were characterized by the presence of five-cell conidia with a single hyaline basal appendage and two to four hyaline apical appendages; it was more common to find conidia with four than two appendages. The three median conidial cells were thick-walled and light to dark brown, whereas the apical and basal cells were hyaline (Fig. 2) . Colonies were white and cottony, becoming darker as fungi aged on APDA. Black acervuli conidiomata (approximately 0.1 mm long) were formed superficially and scattered on the agar medium, covered with mycelium (isolates Pc07-07 and Pc9.1-06) or uncovered (isolates Pc03-06, Pc01-07, Pc17-07, and Pn14-07). Isolates Pc03-06, Pc9.1-06, and Pn14-07 were light brown to yellow on the reverse of the APDA plates and isolate Pc17-07 produced a UV fluorescent pigment. Isolates Pc01-07 and Pc07-07 were dull white to cream or yellowish brown.
On the basis of the morphological characterization, two species of Pestalotiopsis were identified.
Conidia of P. clavispora (G.F. Atk.) Steyaert were straight fusiform with three colored median cells, the upper two cells being dark brown and the lowest median cell being olivaceous. Conidia were always smooth with mean ± standard deviation of 22.7 ± 2.3 to 27.0 ± 2.5 µm long (L) and 7.4 ± 0.3 to 9.3 ± 0.7 µm wide (W). The L:W ratio varied from 2.5 ± 0.4 to 3.6 ± 0.7. Two to four (usually three) apical appendages and one basal appendage were always observed. Apical appendages varied from 20.4 to 32.1 µm, while the basal appendage varied from 7.0 to 8.7 µm (Table 2) . On APDA, colonies were zonate or nonzonate and abun- clavispora, five-celled, four septa, curved, short apical appendages; E, P. neglecta, five-celled, four septa, curved, relatively short apical appendages with round ends; and F, T. angustata, four brownish cells, three dark brown septa, basal appendage absent. Bars = 10 µm.
dant black acervuli developed after 7 days. Conidia of P. neglecta (Thüm.) Steyaert were fusiform and slightly curved with three colored median cells, the upper two cells being brown to yellow brown and the lowest cell being olivaceous. Conidia were always smooth, 27.0 ± 2.5 µm long and 7.0 ± 0.9 µm wide, with a L:W relation of 3.9 ± 0.6. Three to four apical (usually three) appendages with a rounded apical end and one basal appendage were always observed. Apical appendages were 17.3 µm and the basal appendage was 4.8 µm in length (Table  2) . On APDA, nonzonate colonies and scattered black acervuli were produced after 7 days.
Truncatella isolates produced four-cell conidia, straight to slightly curved on APDA. Conidia had hyaline apical and basal cells with two brown to dark-brown median cells, which were thick-walled with an unfinished basal cell. Septa were prominent. More than one hyaline apical appendage, variable in size and branched dichotomically, was observed. No basal appendages were present (Fig. 2) .
These Truncatella isolates were identified as T. angustata (Pers.) S. Hughes, exhibiting a relatively fast mycelial growth on APDA (7 mm/day) at 20ºC (Fig. 3) . They developed dull white to brown, cottony colonies with black acervuli (about 1 mm long) mainly in the center of the APDA plates after 7 to 10 days. A darkbrown pigmentation stained the reverse of the APDA agar plates. Conidia were (mean ± standard deviation) 20.11 ± 1.39 by 6.29 ± 0.53 µm with a L:W ratio of 3.22 ± 0.53, and typically contained median cells which were dark brown with very pronounced septa.
Molecular characterization. The PCR product had 549 to 605 bp for all six Pestalotiopsis isolates tested, and sequences of 549 to 550 nucleotides of each isolate were used for analysis. The phylogenetic analysis using ITS sequence alignment from the ITS1/5.8S rDNA/ITS2 region separated the six Pestalotiopsis isolates and one isolate of Truncatella obtained from blueberry into two clusters. Cluster I contained isolates Pc03-06, Pc9.1-06, Pc01-07, Pc07-07, and Pc17-07. Cluster II contained isolates Pn14-07 and Ta10-07 (Fig. 4) . Isolates of cluster I, morphologically identified as species of Pestalotiopsis, showed a high similarity with known P. clavispora sequences, whereas isolate Pn14-07 was highly similar to P. neglecta. However, a considerable variation was obtained among isolates of P. clavispora. The Truncatella isolate (Ta10-07) was genetically similar to T. angustata and it did not differ from P. neglecta (Fig. 4) .
Effect of temperature on mycelial growth. Temperature and isolates had a significant effect (P < 0.0001) on radial mycelial growth of Pestalotiopsis and Truncatella isolates. Likewise, the interaction between the temperature and the isolates was significant (P < 0.0001). The isolates of P. clavispora grew at a temperature range of 5 to 30°C, P. neglecta grew from 5 to 25°C, and T. angustata grew from 0 to 30°C. The optimum mycelia growth among isolates of P. clavispora occurred between 18 and 25°C, and was 20°C for isolates of P. neglecta and T. angustata (Fig. 5 ).
Significant differences (P < 0.05) were obtained among isolates of P. clavispora, P. neglecta, and T. angustata in mycelia growth rate on APDA at 20°C. Fast-growing (>8 mm/day) and relatively slowgrowing (<5 mm/day) isolates were found among P. clavispora whereas P. neglecta and T. angustata were intermediate (Fig.  3) .
Pathogenicity tests. Mycelium and conidia of all tested isolates of P. clavispora, P. neglecta, and T. angustata were pathogenic on wounded fruit of blueberry, apple, and kiwifruit. A partial light-brown soft rot developed 7 to 10 days after inoculation. Superficial white mycelium and small black acervuli were produced as the rots progressed with age. Unwounded fruit remained unaffected. The effect of isolates and inoculation methods (wounded and unwounded) and the interaction between isolates and inoculation methods were significant (P < 0.001). Differences in the size of the rot lesions obtained significantly varied among isolates (Table 3) . Similarly, P. clavispora (Pc01-07) developed a soft rot when inoculated on mature wounded blueberry fruit. Pestalotiopsis spp. or Truncatella spp. were consistently reisolated from diseased tissues obtained from inoculated fruit of apple, kiwi, and blueberry.
Symptoms on detached O'Neal blueberry twigs appeared within 2 weeks after inoculation with mycelium or conidia of P. clavispora (Table 4) . Symptoms consisted of reddish-brown necrotic lesions (12.3 to 16.5 mm in length) that covered the internal tissues almost completely. A lightbrown vascular necrosis was observed, and white mycelium with small black acervuli was produced on diseased tissues as the age of the lesion increased. The ANOVA indicated that isolates had a significant (P < 0.001) effect on the length of the lesion obtained. Reisolations of P. clavispora were successful from diseased tissues developed in inoculated twigs.
Two weeks after inoculations with P. clavispora (Pc03-06, Pc9.1-06, and Pc17-07), brown necrotic lesions (13.3 to 38.5 mm in length), often surrounded by a reddish halo, were obtained on 2-year-old twigs of potted blueberry plants of cvs. Bluecrop, Brigitta, Brightwell, Duke, Elliot, Misty, and O'Neal. The ANOVA revealed that average lesion length differed significantly depending on the isolate inoculated (P < 0.001) and blueberry cultivars (P < 0.006). However, a nonsignificant interaction (P = 0.74) between cultivars and isolates was obtained. Independent of the P. clavispora isolate, Brightwell was the most susceptible and Bluecrop the least susceptible cultivar, with mean lesions of 28.2 and 16.2 mm in length, respectively. Regardless of the cultivar, significant differences among P. clavispora isolates were obtained, with isolates Pc3-06 and Pc17.07 the most virulent and least virulent, respectively. Reisolations from diseased tissue obtained at the margins of the lesions developing on inoculated twigs consistently yielded P. clavispora (Table 5) .
Sensitivity to fungicides. The effect of the fungicide treatments and isolates of P. clavispora on radial mycelial growth and their interaction were significant (P < 0.047). At 1 µg/ml, fludioxonil was the most efficient fungicide, completely inhibiting mycelial growth, followed by pyraclostrobin (85 to 90%), iprodione (30 to 40%), cyprodonil (20 to 40%), chlorothalonil (28 to 35%), and boscalid (9 to 39%).
The EC 50 values estimated for fludioxonil and pyraclostrobin, which were the most efficient fungicides in the first experiment, varied from 0.06 to 0.08 and 0.04 to 0.80 µg/ml, respectively. A linear regression best explained the relation between mycelia growth and fungicide concentration (R 2 = 0.84 to 0.98).
DISCUSSION
According to the results obtained, Pestalotiopsis clavispora (syn. Pestalotia clavispora G.F. Atk.), Pestalotiopsis neglecta (syn. Pestalotia neglecta Thüm.), and T. angustata (Pers.) (syn. Pestalotia angustata (Pers.) Arx) were identified for the first time associated with canker and twig dieback of blueberry in Chile. The morphological identification was consistent with previous descriptions of these species (9, 12, 14, 17, 19, 20, 24, 32, 33) .
A high homology (>98%) was obtained for isolates of each of the identified species in relation to reference species reported by the GenBank (25), confirming our identifications. However, in spite of the important morphological differences obtained between Pestalotiopsis neglecta and T. angustata, a 100% homology was obtained between isolates of these two species. Jeewon et al. (12) has postulated a paraphylletic rather than monophylletic relation of the species of Truncatella that may partially explain our finding.
Our results demonstrated that P. clavispora, P. neglecta, and T. angustata were pathogenic to blueberry. It was possible to reproduce the canker and twig dieback symptoms in different blueberry cultivars, as was observed in commercial plantings. These pathogens were consistently isolated from inoculated plants, confirming Koch's postulates.
Previously, P. guepinii was identified on blueberry associated with leaf and shoot symptoms in southern Chile (7). This species is morphologically distinguishable from P. clavispora and P. neglecta, which were the Pestalotiopsis spp. found in this study. Similarly, the isolates of P. clavispora and P. neglecta were distant from P. guepinii on the basis of ITS regions of the DNA analysis performed. Nevertheless, these results do not discharge the presence of P. guepinii on blueberry in Chile.
Pathogenic isolates of these species were obtained from V. corymbosum (cvs. Aurora, Bluecrop, Brigitta, Elliot, Legacy, and Liberty) and V. corymbosum × V. darrowi (cvs. Cooper, Duke, Marimba, and O'Neal) farms and nurseries, located in areas with very different climate conditions, in an extensive geographical area of approximately 1,000 km, from northern to southern Chile (27) . However, P. clavispora was the species more frequently isolated, followed by T. angustata and P. neglecta. It is important to indicate that, previously, P. guepinii was identified as a canker-causing agent of blueberry in Argentina (8) .
Regardless of the species, infection was only possible after wound inoculations, suggesting that wounds are needed for penetration in nature. Therefore, pruning wounds or other physical injuries may play an important role in disease development because it was frequently found under commercial conditions (17, 22, 29) .
The ability of P. clavispora, P. neglecta, and T. angustata to infect fruit of species other than blueberry suggests that they are not restricted to Vaccinium spp. Several studies have found non-host-specific isolates (13) , and it has been postulated that wild vegetation may serve as a source of primary inoculum. This could be the case in Chile; however, further studies are needed to confirm this hypothesis.
The blueberry cvs. Bluecrop, Misty, and Briggita were the most resistant after twig inoculations using mycelia of P. clavispora, followed by cvs. Duke, Elliot, O'Neal, and Brightwell. However, Misty was susceptible to inoculations with conidia. Field trials appear to be necessary in order to reach a final conclusion.
It is interesting to remark that optimal temperature for mycelial growth was 25 and 20°C for isolates of P. clavispora obtained in the northern and southern blueberry production zones, respectively, which are characterized by relatively warm and cool climate conditions. These differences suggest the versatility and adaptability of these pathogens, as indicated for this and other Pestalotiopsis spp. (11) .
Unexceptionally, P. clavispora was sensitive to fludioxonil and pyraclostrobin, with EC 50 values between 0.06 ± 0.02 and 0.08 ± 0.04 µg/ml, respectively. These Table 3 . Pathogenicity of Pestalotiopsis clavispora, P. neglecta, and Truncatella angustata in fruit of apple and kiwifruit, using mycelia and conidia, determined 7 and 10 days postinoculation, respectively, at 20°C z z Means in each column followed by the same lowercase letter and in a row followed by the same uppercase letter are not significantly different according to Tukey's test (P = 0.05).
fungicides are considered to have a low toxicological profile. Thus, they could eventually be used to control these pathogens. Nevertheless, field condition studies are necessary before we recommend a spray regime (21) .
In conclusion, the results of our study indicate that P. clavispora, P. neglecta, and T. angustata are primary pathogens that can cause canker lesions and dieback symptoms on blueberry. However, these results do not exclude the possibility that other species of these genera or other plant-pathogenic fungi (e.g., Botryosphaeria, Pestalotia, and Phomopsis spp.) may eventually be involved in this syndrome of blueberry.
